新規神経突起形成阻害因子LARG, p114-RhoGEF, Lfcの同定とコフィリン脱リン酸化酵素slingshotファミリーの機能解析 by 太田 裕作
Identification of three Rho-GEFs, LARG,
p114-RhoGEF, and Lfc, as novel negative
regulators of neurite outgrowth and
characterization of Slingshot family



























































~~ ~C~l~~~~'~ O)~: ~~ ~~~l ~~ 
The actin cyioskeleton plays a critical role in many cellular processes including cell 
motility, cyiokinesis, endocytosis and neurogenesis. The structure and dynamics of the actin 
cyioskeleton are regulated by a large number of proteins that form a complicated signaling 
network, Rllo-family GTPases play a central role in regulating actin cyioskeleton organization. 
Each member of the Rho family has different effects on the cytoskeletal structure and on cellular 
morphology. In fibroblasts, Rho induces the formation of stress fibers associated with focal 
adhesions, Rac produces lamellipodia or membrane ruffling, and Cdc42 evokes filopodia. 
Actin-binding proteins, cofilin and its close relative, actin-depolymerizing factor (ADF), mediate 
such actin reorganization by stimulating depolymerization and severance of actin filaments. 
Rho-family GTPases and cofilin/ADF are activated by guanine nucleotide-exchange factors 
(GEFS) and Slingshot (SSH) family phosphatases, respectively. GEFS are direetly responsible for 
the activation of Rho-family GTPases by stimulating the exchange of GDP for GDP. SSHS are 
responsible for the activation of cofilin/ADF by dephosphorylating it at Ser-3. However, detailed 
mechanisms of these regulations have remained unknown. I performed several experiments to 
elucidate these molecular mechanisms. 
In chapter I of this thesis, I describe about characterization of Slingshot family 
phosphatases that dephosphorylate cofilin. SSH-1L, SSH-2L and SSH-3L have the potential to 
dephosphorylate P-cofilin, but subcellular distribution, F-actin-binding activity, specific 
phosphatase activity and expression patterns significantly differ, which suggests that they have 
related but distinct functions in various cellular and developmental events. in addition, I show that 
14-3-3 proteins negatively regulate the phosphatase activity of SSH-1L and interfere its binding to 
F-actin. In chapter H, I describe about the identification of Rho-GEFS that activate Rho and 
negatively regulate neurite outgrowth. LARG, pll4-RhoGEF and Lfc/GEF-H1, negatively 
regulate neurite outgrowth of N I E-1 1 5 neuroblastoma cells. In addition, I show that PAK5 , an 






































































































































































(Chapter ~) Characterizatio~a of S~ingshot family phosphatases that dephosphorylate cofiliu 
Cofilin is a key regulator of actin filament dynamics. Cofilin is inactivated by 
phosphorylation at Ser-3 by LIM-kinase and is reactivated by dephosphorylation. Niwa et al. 
previously identified Drosophila and human Slingshot (SSH~, a family of protein phosphatases 
that dephosphorylate and activate cofilin. To define the functional roles of SSH family 
phosphatases, I have cloned the CDNAS coding for three mouse SSH homologs, termed mSSH- IL, 
-2L, and -3L, containing 1042, i423, and 649 amino acids, respectively. While mSSH-1L is a 
mouse ortholog of human SSH-1L, mSSH-2L and mSSH-3L have long C-tenninal extensions, 
compared with the reported sequences of human SSH-2 and -3 . When expressed in cultured cells, 
all of mouse SSHS Suppressed LIM-kinase-induced actin reorg"anization and decreased the ievel of 
Ser-3-phospho-cofilin (P-cofilin) in cells, although mSSH-3L was less effective than mSSH-1L 
and mSSH-2L. In cell-free assays. SSH-1L and SSH-2L efficiently dephosphorylated P-cofiha, 
whereas SSH-3L did do so only faintly. mSSH- IL and mSSH-2L, but not mSSH-3L, tightly bound 
to and co-localized well with actin filaments. These findings suggest that all three members ofthe 
mouse SSH family have the common function to dephosphorylate P-cofilin, but subcellular 
distribution, specific phosphatase activity, and F-actin-binding activity significantly differ. I 
propose that mSSHs may have related but distinct functions in various cellular contexts. In 
addition, by using the yeast two-hybrid system, I identified 14-3-3 proteins to be the binding 
protein of SSH- IL. Specific interaction between SSH- IL and 14-3-3 proteins became evident in in 
vitro and in vivo co-precipitation assays. 14-3-3 proteins interact with SSH-1L in a manner 
dependent on the phosphorylation of Ser-937 and Ser-978 of SSH-1L. 14-3-3 proteins negatively 
regulate the phosphatase activity of SSH- I L and interfere binding of SSH- IL to F-actin. I propose 
that 14-3-3 proteins play an important role in the cellular functions of SSH- IL by regulating 







~Chapter X1~ ldentificatiol~ of three Rho-GEFs, LARG~ pt~4-RhoGEF, and Lfc, as novel 
negative regulators of neurite outgrowth 
The Rho-ROCK pathway has been implicated in the negative regulation of neurite 
outgrowth. However, its underlying molecular mechanism remains largely unknown. Here I show 
that the three Rho-specific GEFs, Ieukemia-associated Rlro guanine nucleotide exchange factor 
(LARG), pll4-RhoGEF and lymphoid blast crisis's first cousin/GEF-HI (Lfc/GEF-H1), 
negatively regulate neurite outgrowth through Rho activation. High-throughput screening allowed 
me to rapidly identify the most suitable shRNA constructs from an shRNA Iibrary. Using this 
method, I obtained efficient shRNA constructs targeting each of 13 Rho-GEFS that are expressed 
in N1E-1 1 5 neuroblastoma cells and found that, among these 13 Rho-GEFs, the knockdown of 
LARG, pl 14-RhoGEF or Lfc/GEF-HI caused prominent neurite outgrowth, which was associated 
with reduced activation of Rho. Expression of dominant-active Rho rescued the knockdown 
phenotypes. Furthermore, I provide evidence that PAK5 promotes neurite outgrowth through 
inhibition of Lfc/GEF-H1-induced neurite retraction. PAK5 interacted with and phosphorylated 
Lfc/GEF-HI and blocked Lfc/GEF-H1-induced neurite retraction. PAK5 also induced 
Lfc/GEF-HI binding to 14-3-3 proteins and its relocation to the cytoplasm. Thus, I propose that 
during neurite outgrowth Lfc/GEF-H I -induced neurite retraction is inhibited by PAK5 and 1 4-3-3 
proteins negatively regulate Lfc/GEF-HI activity by sequestering it in the cytoplasm. 
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 論文審査結果の要旨
 アクチン細胞骨格の再構築は、細胞運動、形態形成、神経系構築などにおいて重要で
 ある。コフィリンはアクチンフィラメントの脱重合、切断因子を促進し、アクチン骨格
 再構築制御の主要因子である。コフィリンは、HMキナーゼ(LIMK)によってSer-3が
 リン酸化されると不活性化し、Slings員ot(SSH)により脱リン酸化されると活性化する。
 本論文は、3種のマウスSSR(S闘一1L,一2L,一3L)cDNAをクローニングし、それらのコ
 フィリン脱リン酸化活性、F一アクチン結合活性、細胞内局在、アクチン再構築活性の相
 違点を解明した。また、酵母ツーハイブリッド法を用いてs罰一1L結合蛋白質として
 14-3-3蛋白質を同定し、14-3-3蛋白質がSer-937とSer-978のリン酸化依存的にSSHL
 と結合し、SSH一働のコフィリン脱リン酸化活性ならびにF一アクチン結合活性を負に制
 御することを明らかにした。また、本論文において、太田裕作は猟A干渉法に適した
 曲ort胎irpinRNA(s駅NA)配列を探索するハイスループットスクリーニング法を開発
 し、NIH15神経芽細胞腫細胞に発現する全て(8種)のRho特異的GEFに対する効率
 的なs駅NAを作製した。13種の踏。-GEFの中で、LARG,p114-RhoGEF,LfcのshRNAが
 神経突起の伸長を促進し、それらの伸長は活性型踏。の発現により阻害された。以上の
 結果から、3種のRho-GEF(LARG,pii4一顕oGEF,Lfc)がNIE-115細胞の神経突起形成阻
 害因子であることが明らかにされた。また、本論文は、PAK5がLfcと結合し、LFcをリ
 ン酸化することにより14-3-3蛋白質との結合を促進し、Lfcの細胞質への隔離を誘導
 することを見出し、PAK5による神経突起形成の促進機構を明らかにした。
 これらの研究成果は,本人が自立して研究活動を行うに必要な高度の研究能力と学識
 を有することを示している。したがって、太田裕作提出の論文は、博士(生命科学)の
 博士論文として合格と認める。
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